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1. The understanding of the role that the sea quarks play in the properties of the nucleon
and other hadrons is of fundamental importance to the description of their internal dynamics.
With this respect, the determination of the strange contribution to the properties of the
nucleon, for instance to its magnetic moment, charge and magnetic radii, is very important
since there are no valence strange quarks in the nucleon. The aforementioned contributions
to the properties of the nucleon are all included in its strange form factors, which means
that the question may be rephrased as to whether or not the strange form factors contribute
to e.g. the nucleon electromagnetic form factors. Since it became clear that such question
could be addressed in weak neutral current experiments [1, 2] a great deal of eort both
theoretical and experimental has been put into this aspect of the strange content of the
nucleon.
On the experimental side examples of the ongoing eorts focusing on the strange vector
form factors are the measurements by the SAMPLE [3, 4] and HAPPEX [5] collaborations.
The most recent measurement by the SAMPLE collaboration [4] for the strange magnetic










= 0:1) = (+0:14  0:29 (stat:)  0:31 (syst:)) n.m. : (1)







































HAPPEX collaboration also announced results on the measurement of the strange vector
form factors [5]: From the parity-violating polarized electron scattering asymmetryA
th
they
















= 0:477) = 1:527  0:048  0:027  0:011: (3)
The rst error is statistical, the second is systematic and the last comes from the uncertainty
of the proton axial form factor [5]. The available data for the electromagnetic form factors























= 0:477) = 0:025  0:020  0:014: (5)
Here, the rst error is due to the errors in G
0
combined in quadrature and the second one
arises from the electromagnetic form factors. Both procedures (2,4) show how uncertainties
in the knowledge of the electromagnetic form factors propagate into the error bars of the
results (1,5) for the strange form factors. In particular, the HAPPEX results show a much
smaller error bar at the level of (3), which is extracted directly from the asymmetry A
th
,
than (5), obtained from Eq. (3) using Eq. (4). Unfortunately in the chiral quark-soliton
model (QSM) we are presently not yet able to calculate the axial-vector form factor to
2
the same technical level as the electromagnetic ones. Thus we cannot calculate A
th
but will
focus on the expressions (3) and (5) for HAPPEX.
On the theoretical side there have been many attempts to predict the strange form factors,
diering by the methods used to study the non-perturbative physics behind them: disper-
sion relations [7, 8, 9], Skyrme model [10], vector dominance models with !  mixing [11],
Nambu{Jona-Lasinio soliton model [12], chiral bag model [13], meson exchange model [14],
heavy baryon chiral perturbation theory [15, 16] and a chiral quark model [17]. The dierent
physics going into these approches explains the wide range of predictions obtained. Only the
experimental data expected in the near future will allow to clarify the role of the mechanisms
underlying these approaches. The non-perturbative lattice QCD calculations point towards
a negative strange magnetic moment [18], but are not yet conclusive regarding the exclusion
of positive values [19]. The strange form factors have already been investigated within the
framework of the QSM [20]. However, it was later found that the collective SU(3) quan-
tization used there for the QSM did not full the Gell-Mann{Nishijima relation exactly,
a fact which is caused by the inherent nonlocality in time of the collective operators in the
QSM and the asymmetric transitions between the solitonic states and vacuum ones. We
use in this study a procedure known as the symmetry-conserving quantization [21] for which
the above problem does not arise. This new quantization has implications mainly at the
level of the magnetic moments and hence is relevant for the present study.
2. The real Dirac and Pauli vector form factors are dened from the matrix elements of
the quark current J










































> 0 is the square of the space-like four-momentum transfer, q = p
0
  p. In the present














is expressed in terms of the baryonic J
B



























We prefer, however, to work with the electric and magnetic Sachs form factors, related to


















choice is more natural when working in the Breit frame and in the non{relativistic limit, as
is our case, because the form factors are then expressed in a simple way by the time and



































































)pi is conserved in the QSM for the calculation














3. The starting point for the QSM [22] (for more details see [23, 24]) is the low-energy
partition function in Euclidean space given by the functional integral over pseudo-Goldstone
meson (
a































Tr lnD() : (13)
In these expressions Tr stands for the functional trace, N
c
the number of colors, and D the
























and m^ is the matrix of the
























quark mass M arises from the spontaneous breakdown of chiral symmetry and is considered
to be constant and the only free parameter of the model. The proper-time regularization
is chosen in order to complete the denition of the model. For U we assume a structure
















n  P (r)] : (16)
The partition function Z (12) can not be treated exactly as far as the integration over the
pseudoscalar elds is concerned and thus requires some approximation framework, chosen
in this model to be that of a large number of colors N
c
. In the large N
c
limit the Euclidean
partition function Z can be evaluated in the saddle-point approximation, which corresponds
at the classical level to nding the prole function P (r) in Eq. (16) which makes the action
stationary. This means in practice the numerical solution of the functional xed point
equation resulting from ÆS
e
=ÆP (r) = 0. Such procedure yields a classical eld U
c
built




, pertaining to the
one-particle eigenvalue problem for the Hamiltonian h(U) in Eq. (14). This mean-eld object
does not have the quantum numbers of the nucleon state, however. To obtain the nucleon
quantum numbers it is necessary to extract them from U
c
by the semiclassical quantization of
the rotational and translational zero-modes: The zero modes are treated exactly within the
path integral formalism by introducing collective coordinates (see [23] for further details.)
Explicitly, the rotational and translational zero modes are taken into account by means of
the replacement






























 = 140 MeV
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(in physical n.m.) as a function of Q
2
. The solid curve
and dashed curves represent the results for the kaon ( = 490 MeV) and pion ( = 140 MeV)
asymptotic tails, respectively. The constituent quark mass is M = 420 MeV.
i.e. by rotating the classical saddle point solution U
c
(x) through a unitary time-dependent
SU(3) collective orientation matrix R(t) and by considering all the collective displacements
by Z of the center of mass of the soliton in coordinate space. The quantization of these
collective coordinates will yield the collective wave functions with the appropriate quantum
numbers.
The functional integral (12) is thus replaced by a functional integral over R. As described
in Ref. [23], we assume adiabatic rotation and small collective velocities in the calculation










































4. A detailed account on how the electromagnetic form factors are derived within this
framework is given in Ref. [25]. Here we would like to point out that the only free parameter
of the model is the constituent quark mass M . We use in this study the value 420 MeV,
which is found from a best t to many nucleon observables [23]. The other parameters of the
model are the current nonstrange quark mass and the cut-o parameter of the proper-time
regularization: They are xed for a given M in the mesonic sector by requiring the physical
pion mass and decay constant to be reproduced by the model. The mass of the strange
quark is throughout this work set to 180 MeV.






. These gures show a general eect
which is found in all our calculation, namely the inuence of the Yukawa mass , governing
the asymptotic behavior of the prole function at large r, exp( r)=r, on the form factors.
While the SU(2) soliton incorporates the asymptotic pion behavior exp( m

r)=r naturally,
the construction of the SU(3) hedgehog by the embedding the SU(2) soliton (15) forces
all other pseudo-Goldstone bosons to share the same asymptotic behavior. Therefore, this

























; ) 0:392 0:308 (Model) 0:392 0:308 (Model)
  - K  - K  - K  - K
M = 420 MeV 1:433 - 1:695 1:377 - 1:621 0:103 - 0:071 0:101 - 0:067
HAPPEX 1:527 0:048 0:027 0:011 0:025 0:020 0:014


























and  = 12:3
Æ
. The experimental data are taken from HAPPEX [5].
the asymtotics of the meson elds play an important role in the description of the hyperons,
even more so if they contain valence strange quarks, as well as in the specic contribution
of the strange quark to the properties of the nucleon. With this in mind we tentatively
implement a heavier mass asymptotic behavior of the prole function P (r) (16) by adding a





) in Eq. (18) by subtracting the same term. We prefer to look at the interval
spanned by results of the more consistent pion asymptotics and the phenomenologically
driven kaon asymptotics of P (r) as giving an idea of the systematic model uncertainties
steming from the lack of exact treatment of the SU(3) meson asymptotics. Indeed, it is
found that the model nucleon electromagnetic form factors do not appreciably change under
such procedure, except for the strange electromagnetic form factors and the electric form
factor of the neutron.













in Eq. (5) as given by HAPPEX [5]. Table 1 further
distinguishes between the cases with the HAPPEX collaboration phenomenology based on




















)), using the model electromagnetic







and for both cases of  the HAPPEX result (3) falls within the interval of







seems to overestimate the HAPPEX result (5) for both cases of . One notices that the
kaon asymptotics leads to results closer to the experiment. One has to take into account,
however, that the HAPPEX value (5) could be higher, by as much as 0:020, with a dierent
input for the electromagnetic form factors [5]. Although the results in Table 1 depend on
M it is found that, for physically reasonable values of M between 400 and 450 MeV the
dependence on M is much weaker than the eect of the meson asymptotics.
The results for the strange electric form factor G
s
E
are shown in Fig. 2 and for the strange
magnetic form factor G
s
M
in Fig. 3. For G
s
E




is strongly modied, compared to [20], to a larger extent by removing a
numerical error, as reported in Ref. [26], and to a lesser extent by using in the present
investigation the scheme of the symmetry-conserving quantization. Only in the case of G
s
M
is a direct comparison with experiment possible. The SAMPLE value (1) [4] is shown in
Fig. 3: The model value is not far from the experimental one, but the error bar is too big to




















 = 140 MeV
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FIG. 2: The strange electric form factor G
s
E
as a function of Q
2
. Conventions and model parameter

















 = 490 MeV
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 = 140 MeV















































































































































































































































































































































































































































































FIG. 3: The strange magnetic form factor G
s
M
, in units of the physical n.m., as a function of Q
2
.
Conventions and model parameter as in Fig. 1. The experimental data are taken from SAMPLE [4]
the strange magnetic moment turns out positive, is in agreement with the model independent
analysis of [26], which nds 
s
= (0:41 0:18) n.m. on the basis of the SU(3) model algebra
with input from the hyperon magnetic moments.


















































































































































































































































































































































































































































































FIG. 4: The neutral magnetic form factor G
s
M
, in units of the physical n.m., as a function of Q
2
.
Conventions and model parameter as in Fig. 1. The experimental data are taken from SAMPLE [4,
27].
Using Eq. 2 it is possible to obtain the model prediction for G
Z
M
, which is given in Fig. 4,






= 0:1) = (1:49  0:29 (stat:)  0:31 (syst:)) n:m: : (22)
is also plotted. Again the QSM result falls within the (admittedly large) error bars.
Lastly, Table 3 shows the full model predictions, i.e. using both the strange form factors
and the electromagnetic ones, for the kinematics of future HAPPEX and A4 experiments.











) of form factors because it
is closer to the quantities extracted from the asymmetries and it can reliably be calculated
in the model since this describes well the Q
2
dependence of the form factors [21, 23]. For the
sake of consistency we calculate the factor  as given by Eq. (19) using the model. Again
we see that the pion asymptotics deviates more from the data than the kaon one, which,
nevertheless, seems to overestimate the data. Apart from having to rely on more data to
conrm whether this trend will persist, one has to bare in mind that the strange form factors
as extracted with the help of Eq. (2) contain a piece due to isospin symmetry breaking [28].








, the strange form factors G
s
E;M
and their associated radii, and the strange magnetic
moment 
s
within the framework of the SU(3) QSM. On the whole, the results of the model
8





) 0:10 0:11 0:23 0:48 0:48
(
Æ
) 35 6 35; 145 12:3 145
 (Mod.) 0:105 0:059 0:255 0:308 0:587
  -K  - K  - K  - K  - K
M = 420 MeV 0:088-0:048 0:091-0:046 0:174-0:108 0:278-0:185 0:297-0:213













) at various Q
2
and  for M = 420 MeV.
with pion () and kaon (K) tails. All the experiments (Exp.) are still being performed except for
HAPPEX.
calculation with kaon asymptotics turn out to be in better agreement with experiment than
those with the pion asymptotics, as expected for strange quantities. The results for the kaon
asymptotic turn out to be in fairly good agreement with the available data, apart from an







dierence between kaon and pion asymptotics gives an indication of the systematic error of
the QSM in calculating strange quantities. Future data from SAMPLE, HAPPEX, and
also from the G0 (JLAB) and A4 (MAMI, Mainz) collaborations, will allow one to judge
further the results of the chiral quark-soliton model.
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